White light can be produced by many approaches; one of the most common and easiest ways is the combination of the yellow-emitting phosphor made of cerium doped yttrium aluminum garnet ͑YAG: Ce 3+ ͒ ͑Ref. 1͒ and blue-emitting GaN chips. Although this kind of white-light blending method has been well used for a few years, some problems have existed; one of them is that the variety of hue is insufficient compared with the white light mixed from three primary colors. To circumvent this disadvantage, the red, green, and blue multiphased phosphors or single-phased dichromatic phosphor consisting of two emission bands in the green and red spectral regions are employed to generate white light under ultraviolet ͑UV͒ or blue light-emitting diode ͑LED͒ chip excitation, respectively. However, in the three-converter system, the blue emission efficiency is poor because of the strong reabsorption of the blue light by the red or green-emitting phosphors. Therefore, many efforts have been made to develop the single-phased white-emitting phosphors which are based on the mechanism of energy transfer from Eu 2+ to Mn 2+ ͑abbreviated as ET Eu→Mn hereafter͒ that has been studied actively in the past few years. [2] [3] [4] [5] [6] In this letter, we have demonstrated that the white light could be generated with combination of tunable yellow green-to-orange red emitting phosphor Ca 2 3 , and Eu 2 O 3 were weighed in stoichiometric proportions, thoroughly ground and mixed in an agate mortar, pressed into pellets, and calcined at 1300°C for 8 h in an inner alumina crucible that was contained in a covered outer alumina crucible filled with graphite powder. Afterwards, the product was reduced further at 900°C for 3 h under an atmosphere of 5% H 2 / 95% Ar. The phase purity of all the samples was characterized and evaluated by powder x-ray diffraction ͑XRD͒ analysis by using a Bruker AXS D8 advanced automatic diffractometer with Cu K ␣ radiation operated at 40 kV and 20 mA. Figure 1 ; and n = 6, 8, and 10 correspond to dipole-dipole, dipole-quadrupole, and quadrupole-quadrupole interactions, respectively. The I S0 / I S -C n/3 plots are further illustrated in Figs. 3͑a͒ and 3͑b͒ , and the linear relation was observed only when n = 8, implying that ET Eu→Mn is the dipole-quadrupole mechanism, which is similar to those previously investigated and observed in our group. 5, 6 The critical distance ͑R c ͒ of ET Eu→Mn for the dipolequadrupole mechanism can be calculated by using the following simplified equation for dipole-quadrupole mechanism: Fig. 5 , points on the line GR represents the change of hue from yellow-green to orange-red and this variation is also summarized in Table I . We have observed that white light can be generated by exciting ͑Ca 1−m Eu m ͒ 2 ͑Mg 1−n Mn n ͒Si 2 O 7 phosphors under 381 nm radiation source with chromaticity coordinates at ͑0.18, 0.00͒ ͑point B͒. Comparing the white light produced by our emission-tunable phosphors and violet-blue light source with that from commercial YAG:Ce and blue LED chip, our system shows exceptionally flexible hues with increasing Mn 2+ content than those of the commodity because the approaching RGB primary area can be effectively established in our system. The above observations hint enormously promising application of CMSO:Eu,Mn as a single-phased whiteemitting phosphor under violet-blue irradiation.
In conclusion, the white light with varied hues and color temperature has been obtained by combination of wavelength-tunable yellowish green-to-orange red-emitting Ca 2 
